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(57) Provided is a method for the production of a re- 
inforced polymer, which method comprises: 

(a) introducing carbon nanotubes into a polymer to 



provide a mixture of the polymer and the nanotubes; 

(b) stretching the mixture at or above the melting 
temperature (TJ of the polymer; and 

(c) stretching the mixture in the solid state so as to 
orient the carbon nanotubes. 
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posite Materials, Vol. 3. itober 1969 ra'rTaS P^r %J5 ^ ^ 1987, 8l Na 2 ' 74 " 81; J - Com ' 
51-56, "me advantage of carbon IT' ^ N ° , ' 

strength. In particular they exhibit very high stiffness tlV6,y 9reat mecnanical 

s isttir is in r u,,erene ^ ■ has been <™* *- -*« «— «*«, 
exist, which h«ssssiss r«ijs jsssjses ha T 9 a structure re,a,ed ,o * ^ 

makes their aspect ratto (lengSete ,n P articular - the structure of carbon nanotubls 

nanotubes is > 10000. ThusTaTec rat^o J - * ^ ^ TypiCa " y *• ra,fo °' 

short fibres, such as short glass T£2S?lS£Z!£T*? " ^ 9feater than ,hat of conventional 

conventional carbon SI fSZ^SS^jXZ "" ,°" P ° ,entia " y be tha " 
■Potentialapplicationof nanotubes' in C^Xo^^^ *~ < see R Calvert 

greatmechan ^strength! SS^S^h^SSS^S *™>™*»?™- h addition, carbon nanotubes have 
been mentioned in conlcJoTwfth n 6 w ^^^^ - ? m . 1< ^^ M ^^'«» 
failure with a concomitant low strain ^^r^^l^ L^ ^ ^ W ° U ' d prevent pure brin,e 
recent years (see P. Calvert Totentiah oTn^^? 'T 39 ^ USe in many ■«*■*»» in 

CRC. Boca Raton, Florida 19W^SS!^S2S h" ^ o^* 1 "" 8 ' Edtor T W Ebbeson ' 297 ' 

ofPolyrnerW.Septem^^ 
Mater! 7, 489, SKT^TSKy PeLTn^H p ^ ^ h ,hi " P^mer films", Adv. 

carbon nanotubes in a Polyme^^^^ - 
Wa. K. Uchida, S. Oshima. Y. Kuriki^ F. .kL^M^s SoVs^pT^ Tsl^lun^ 

SSeTeZv^nV^ 
since lack of h^ogene^ ^ 

concentration of fibTe and a high concentratton S Z^r VT ?^ ^ '° r inStanCe ' there iS a re,ative, V low 
also reduces the mechanical °' *? ° rien,ati0 " * fhe « bres 

^^^^ 

ml Sh Cin i Cart)0n nanotubes into a I 30 '/™ t° Provide a mixture of the polymer and the nanotubes- 
b s re ch,ng the mixture at or above the melting temperature (TJ of the poWmer and nan ° ,UbeS ' 
(c) stretching the mixture in the solid state so as to orient the carbon nanoXT 
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•orienting" is intended to ^.^^o5S3lS2 t° h 2" ^ 0thefWiSe be *• C3Se ln "* invenfon 
carbon nanotubes. Not onfyvem^ZlZS^l^ T^JT*" "** 3 ° f a,i 9 nin 9 of the 

of orientation in the presenTrShoS .S2fi SSSTiS2StirS , * — "fT m0 ' eCU,eS und " B ° 3 degree 
•he resulting blends, and a consequent sTgSCroZe^n ^1 ?T' homoaenei * "* less 
superior tensile modulus fas meaLrart at in*- ! 1 mechanical properties of the blends. In particular 
by *e present b^as^ 

tenacity and strain). e " dS ' M St '" reta,n,na a relative| y toughness (the product of 

Sng^^ 

clothing, durable man-made fibre 1.Z , - 9 9ear ' ^ sa,ety belts ' sewin 9 thread, protective 

inventio'n are pJCS ST!KSSli^ ?k rein, ° rCed po * B - °' *• P rese "' 
for example, M. Ahmed 'wwhJS^ and filamente "» ^ee. 

tenacity industria, yarns 389-^^^^^^ ** ^ - * High 

PO.ymerfibre (e.g. ^t^^^^S^J^ S*"? T ? * 3 

t:;r e rfr errede ~ 

isotactic polypropylene melt will oroducp . «, me com P° s,tes - p or example, fast cooling 

statethanTmonUccS 

KbitrJi:^ 

involves drawing the polymer in the form of aT^^T 9 6P C ° mpnSeS S °' id S,ate drawin 9- Tnis 
be repeated one or mTe times Op^!nl ^.^ZTST °t T'T " ^ ^ Step Can 

longitudinal and transverse stretchina taknn 1,! ^ * V ! ' stre,cn,n 9 can be performed biaxially, with 
be chosen depending upon £££52 rtZSZZFTT'Z Simu,taneousl * Aching conditions can 

preferably about 10 nm Preferably nanJtl^» f n3n ° ,UbeS 3fe 0< 3 diameter ,rom ^ nm - ™'« 

Scr^s 

eZLdTengm 3 ^ Xesfin .^3^? C ° nS,am V0 ' Ume ^ "* <—> leads to 

[001 7] It should be not P H that ttT Z «? 9 nd ' n9 and ensure 9°° d ^erfacial shear strength. 

LSrison £ Zlc^lZZ^rZn^l^Z " "anotubes (short in 

posites comprising nanlt X&'SZSSSS^* ^ injeC,i0 "- 1,11,8 P 0 '*™ ^ 
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can be used, depending on^he fc£3SS22£ 9 P"^ of a polymer, such that very small quantities 
wt. of nanotubes or greater is added ^ H0WWer ' f ° f m0St W r ™«™ « is preferred that 0.1 % 

Sed^^ P-nt inven«on is not especial, limited. ,n one 

procedure. Thus, in this embodTen.^Xe'^ ^fn^T™" P " 0r * ""^ 0Ut *• ****** 
[0020] The present invention eZSst^TZ^Z T k . PreSe " Ce 0f the carbon "^"tubes. 
invention. The .reinforced ^Z^^SZSSS!^ ° btainab ' e aCCOrdi " 9 to me methods ° f the P«*ent 
cussed above. These propSa* ££SSS!£^? s ^ «°^echanical properties, as has been dis- 
fibres formed from the present reilrad k ! ^ ** P ° ,ymerS are spun int0 ,ibres Typically, 
relative, high toug^^Tp^CZ^^TT'^ 3 high t^acity whilst still retaining a 

IM22J EmtMi ™„ K 0 , me crese „, invMo „ „„ now ta , n ^ (o|im . n9 ^ ^ ^ 

Examples 

Synthesis of nanotubes 



25 [0023] 



229. 1997. sL-supported ca£.y KSjjSSiSSlfSS?* ^ Hemadie ' a '' C3t3 * SiS ^ «■ 
decomposition of acetylene. CatalystsS var tXTJZ^f TT? °' pH) Were ,es,ed in the 

phere, were compared for nano^ ^Z^^^Z^^^ " "~ 

Apparatus 

rer?s//e Properties Measurements 

[0030] The conditions of testing were thus as foliows: 

Temperature 23°C 
55 Gauge length 10 mm 

Cross head speed 10 mm/min 
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Tensile Parameter Definitions 



™ cN imated 31 10 % S,rain (10Xf ° rCe 31 10 % Sfrai " * «he «er of the unmatched fibre). 

JSS: X£T * bfeak ^ * 016 «*' °< ■» fib - *» iPP (used in me fdowlng Exampies, 



. The maximum 

length. 



Birefringence 



Example 



XJc Jh IVi? n fl PP) feaCt0r P 0 "** (havi "9 a mett ,low ind «* (MFD of 10, determined at 

werp «n fl in toct*Hf rt , ♦ . (SR max) * S,ng,e flbres formed from each 0 f the three mixtures 

were again testedfor their tensile properties. The results of the tests are shown in Table 1 under me heading Sam^ 



5 



EP1 054 036 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 




CO cd 

— V) m 

- „ JX 3 = 3. 

.2 U « 3 3 3 

2 = ~ B B I 

x: p «J w 

, « H <£ c S 5 5 

U u O • (Q (O (Q 

S £ u. cd O O o 

c 5 m i w « « 

H co 00 w» to co co 



- I 

'S S .5 2 

£ cd cd 

^ t/i t/j cd 

C N v O v o 4) 
0 6^ O 

- - eg 
ea S w 

cd 

w 

cd 



H co 



cd 

CO ~ m ~ 



< o UU UJ UJ f— 



EP 1054 036 A1 



°b,acK. C ° mPar,SOn ^ fibr6S S,re,Ched Und6r ^ "" C ° ndfti0ns *** ^ain no ^TZSSi 
[0045] When stretching the fibres to their maximum capability (SR max) lExamDle R in Tahi* 1 \ an h - t 

iiDresj. i ne strain at break remains within acceptable limits 

H m I" l8 ? r me tenaCity fe W^-toly ™°e the highest reported value for high tenacity iPP fibres 

(wrth a max.mum tenacrty of 1 30 cN/Tex). The extension at break is still comparable to the reference fitos heneffra 
reinforced f,bres are endowed with enhanced toughness. The stiffness could only t»m!S^%^^^ 

TS^*? 1 "?™** 2300 cWTex (21 GPa) - 71,6 theoreticai u pp er t^SXXZSIESl 

i^JE?JZZ?T!! 3 hi9hly ^ iPP " bre) Sh0UW be b6,Ween 38 GPa "* 70 GPaCenSn 
tne value of the E modulus for the nanotubes (from 2000-5000 GPa) u«v«"uing on 

S-JUhf the /f in,0 , rced ^V™* of *e Present invention have tensile properties comparable with the theoretical 
maamurr i obtainable values and are significantly improved over known reinforced polymers 
[0048] Furthermore, since excellent tensile properties are obtained for fibre comprising nanotubes which hav* hP»n 

^ Claims 

1 . A method for the production of a reinforced polymer, which method comprises: 
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S ShTnn nan ° h,be f! nt0 a P 0 '*™ 6 ' t0 P' ovW * ^ mixture of the polymer and the nanotubes; 

b stretching the m.xture at or above the melting temperature (TJ of the polymer; and 
(c) stretching the mixture in the solid state so as to orient the carbon nanotubes. 

A method according to claim 1 , wherein step (b) comprises extruding the mixture. 

A method according to claim 2, wherein a polymer fibre or a polymer sheet is produced in the extrusion step. 

A method according to any preceding claim, wherein step (c) comprises stretching the mixture at a temoeratura 
from the glass transition temperature (T g ) of the polymer to the melting temperature ^lyrneT 

5. A method according to any preceding claim, wherein step (c) comprises solid state drawing. 

6 " ^ ,0 ^ Pr6Cedin9 C ' aim ' Wh6rein 50 % bV W6i9ht ° r ,6SS ° f Carb0n nanotubes is in,roduced 

7 ' c^mactln^hTnS ? r Cedi " 9 Claim ' Wherei " Cafb0n nanotubes are introduced "° the polymer by 
to Se^xTe 3 m ° n0mer ^ ,h6n P° ,ymerfeina the ™ nomer •» «• Presence of the nanotubes 

8. A method according to any preceding claim, wherein the polymer comprises a fibre-forming polymer 

9 " Pofyam,°de. aCCOrdin9 ,0 *"* ^ **** the COmprises a a fester and/or a 

10. A method according to claim 9. wherein the polyolefin comprises a polyethylene and/or a polypropylene. 

11. A reinforced polymer obtainable according to a method as defined in any preceding claim. 

12. A reinforced polymer fibre or polymer sheet, formed from a reinforced polymer as defined in claim 11 . 
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14. Use of oriented carbon nanotubes in a polymer to reinforce the polymer. 

15. Useaccording to claim "^to^tom+n^^tom^^**^^ 

16. Use ~9toc.a^ 

17. Use according to claim 16, wherein the potyolefin comprises a potyethylene and/or a polypropylene. 
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